Abstract. In this paper, the quantification theory model I based on the theory of multivariate linear regression was used as a preprocessing tool to reduce data dimensionality in 13 factors influenced groundwater quality. Then BP ANN groundwater quality forecasting model was created and 8 important characteristic factor is used as nodes of input layer . The simulation results covered most of the existing experimental data in LiGuanPu area of Shenyang city. The results showed that the method was more precise and accorded with actual instance.
Introduction
Groundwater quality are generally affected by human activities, water and rock interaction processes, soil, geological structure of aquifer and other natural factors. The research is related to geological characteristics, geochemistry, geophysics, remote sensing, hydrogeological geology and other massive geosciences data. Thus reducing data dimensionality, discovering the essence of the data constitute the main content of massive data analysis in hydrogeological geology.
Many models have been proposed about dimensionality reduction in the past few decades. For example, there are Factor Analysis model, Principal Component Analysis, Discriminant Analysis model and so on.
In this paper, the quantification theory model I based on the theory of multivariate linear regression was used to find the contribution of each factor. As a result, the important factors are selected and dimension of input variables is reduced through quantification theory I. Finally, an BP ANN model is created by learning and training with the mass sample data of monitoring wells. Overall, the combined model can be used to predict the pollutant concentration in the groundwater for a period of time in the future. The effectiveness of this method has been confirmed effective by the predicting application of groundwater pollution in LiGuanPu, where is a water source area in Shenyang.
The background of Study Area
The water source area -LiGuanPu is located in the south-west of Shenyang, along the north bank of Hunhe river. Geographical coordinates: longitude 123 ° 15 '00 " ~ 123 ° 30 ′ 00 ″, latitude 41 ° 42' 00" ~ 41 ° 47 ′ 30 ″. The study area covers an area of 26.5 square kilometers. There are 62 wells in the study area and conductivity of aquifer is better. Specific capacity can reach 30L/(s.m).
The basic theory, model and calculation
Dimensionality reduced based on the quantification theory model . In this paper,
Mg , pH values, time t, the geological characteristic of aquifer, the composition of aqueous media -all the influence factors -are used as the project and related categories in the quantification theory model I. The concentration of ammonia in the groundwater is used as reference variable. As shown in Table 1 ,13 items (8 quantitative items,5 qualitative items) and 21 categories are listed. The accuracy of the quantification theory is the same as the accuracy of multiple linear regression prediction model. It can be presented as complex correlation, which is a correlation coefficient related to predicted value and measured value. The partial correlation coefficient -k is used to measure the contribution of each item for reference variable [4] . 
In Eq. 2,while regression coefficient-j bk is solved, partial correlation coefficient -k of each item is calculated ,as is shown in Table 3 . From the Table 3 ,it can be seen that the values of three parameters for items are basically consistent. According to the contribution on reference variables, All items are sorted as Concentration of SO , the structure of aquifer, the salinity of aquifer, pH value of groundwater…Structural fold . From the point of view of variance ratio, the cumulative sum of the first eight items account for 95.72% of the total. It is consistent with the current situation of research area where Permanganate, Ammonia Nitrogen exceeded seriously in recent years because of environment pollution. In addition, it can be concluded that the factor about space(such as the structure of aquifer, the salinity of aquifer) and the factor about time affect the transporting of groundwater contamination greatly [6] [7] .
It has been proved that 8-dimensional data instead of the original 13-dimensional data not only simplifies the input layer of subsequent BP artificial neural network model ,but also reflects the actual state of groundwater system structure.
The prediction of groundwater quality based on BP ANN model. In the field of system simulation and prediction about groundwater resources, BP neural network has been more applications. BP neural network is simple ,the speed of training is fast ,and any function can be fitted at arbitrary precision, especially which is suitable for solving problem of classification and prediction.
In this paper, a BP ANN model is created to predict the pollutant concentration. In the BP ANN structure, there are 8 nodes of input layer: Concentration of SO , the structure of aquifer, the salinity of aquifer, pH values, There are 6 nodes of hidden layer, because according to the experience, the number of hidden layer nodes is generally 75% of the number of nodes in the input layer [8] . There is one node of out layer: concentration of Ammonia. The forward calculation of the neural network is as follows: (1,2,...6;1) ju vju == is the connection weight of neuron of hidden layer and neuron of output layer. (1) u u γ = is the threshold of output layer. 2 () fx is the motivation function of out layer. (1) u Cu = is the output of output layer.
( )
In Eq. 7, C is the actual output of output layer. Y is the expected output of output layer. C is called Mean square error, which can guide us to correct the connection weight value [9] . The reverse learning process is as follows:
In Eq. 8-Eq. 9, E is mean square error, α is learning rate. In this paper, 180 sample data of 9 wells in the dry season and the wet season of 10 years is selected from materials of borehole data in LiGuanPu -water sources-from 1998 to 2007 to be trained in the BP network.60 sample data from 2008 to 2010 is selected as verification sample.
Verify the result of prediction. In this paper, the forecasting program of BP neural network for single well is developed by C++ builder6 tools. The 8 feature factors affected the quality of groundwater pollution concentration of 60 sample in 2008,2009,2010 is inputted to BP Neural Networks. As is shown in Table 4 . Table 5 ,Relative error of result is -2.5%,5.1%,-2.0%...4.5%,the average relative error is 3.75%. So it could be concluded that the accuracy of combined model for prediction is very high and could meet the actual requirement. 
Conclusions
(1) By the quantification theory I, the feature factor is extracted while regression model about hydrogeological data is established and data dimensionality is reduced. Moreover, not only qualitative data can be processed, but also the hybrid data(qualitative and quantitative) can be processed. It is more consistent with the actual situation in geology.
(2)After reducing the data dimension, BP neural network model is used for groundwater quality prediction. The simulation results of model covers most of the existing measured data. The method demonstrated the effectiveness and superiority in the field of prediction of groundwater resources, and It provides a new direction about the research of groundwater contaminant migration and has some promotional value. 
